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At>st.  rnct. ‘1’hc ~lcarby  spiral galaxy NGC 6946  was rrt,
served wit!l  lSO-CAhI  i n  the rrlicl-il]frarccl,  acl]icviri?,  7 “
reso lu t ion  and  sub  MJy sr  - 1 scIlsltivity.  lrnag~s  takcrl

with CAM filters 1,W2 (7p1n)  and I,W3 (15p In) arc anal -
yscd  to dctcrlninc t}lc ]nor~)}lo]c)gy c)f t}lis galaxy ar]d
ulldcrstal]cf b e t t e r  t h e  crnissio]l  lllcc}lallislns. ‘1’tlc [rlicl -
irlfrarccl  c~]lission  follows an cx[)orlc[]tial  disk with a scale
length 75”. ‘1’his is 60 YO  of the scale length in tlic oI)tical
IL-hand  and about half the scale length of the radio cou-
tinuurn. ‘1’hc nuclear starburst region is too bright for re-
liable mcasurcrnent  in these imagw. Its surface brightness
cxcccds 12 to 15 times that in the inner disk. “1’he ar]m and
intcrarln regions arc clearly outlined, with each of tllcse
components  contritruting  about equally to the disk clnis-
sic)[l. ‘1’tlc arlmintcrarm contrast is 2-4 in the mid-llt, close

to that measured in the visihlc 1{ hand light and Iowcr  than
tllc co]ltrast in }ia, suggeatiug that non-ionizing radiation
contrilmtc-s significantly to dust heating.

Kcy words: ]nfrarcd - galaxies; Galaxies - individual;
Galaxies -- Morphology
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ScrId  oflprit]t  m-quests to: sall(li[,ac.caltec}i.cdll
‘ Ilascd  On obscrvatious  with I SO, an EXA project  wit},  il,-
st]utrlcllts  f u n d e d  hy I<;SA  h4entbcr S t a t e s  (cs~>ccially  t}[c 1’1
Coulltl  its: 1’} aricc, GcI Illal]y, ttlc Nct}icrlarlds  ar)d I,}ic Urlitcd
Kil]gdor,l)  arid wit}, tl,c ~,articil,atioi,  c,f lSAS ar,d N A S A .

1. Introductic)n

NGC 6946  is a Ilcarby face-on s[)lral  galaxy, a goocl tar-
get for  a  s tudy c,f star-forn]atiorl and  rclatccl lmocessexi III
‘(llorrllal”  F,alaxics.  ]n additic)l]  tc] tllc  wel l - resolved d isk ,
it has a starburst nucleus (e.g. II;llgclbracllt  ct al.  1996),
a~id  a bri~tlt  northcr[] spiral ar]r~ that earned it an entry
it] the Atlass of I’cculiar Galaxies (Arl)  1966). NGC 6946
was therefore selected as a focus of the 1S0 (Kessler et al.
1996)  ]{cy  }’rojcct uridcr N A S A  (luarantecd l’ilnc On the
interstellar medium of normal galaxi~s (11c1ou et al. 1996).
Wc report here on the ISO-CAM (Ccsarsky  ct al. 1996)
maps obtained for tliis galaxy, rcvcalin~,  for the first time
the Inid-infrared (MIR) mor[)tlology  at vastly improved
resolution and sc~isitivity.

MIIt cruission in the 5 to 20 Ii rn rarlgc is dojuinatcd
by very sl[lall grains tluctuatirlg to l]ig]l tclnlmaturcs arid
from 1’o]y Aromatic lIydrocarbolls  (l’All) features. I’;vcn
tllougll  tllcsc grairls a r c  nc,t i[l tllcrlnal ccluilit)riurn, they
stil] conver t  ]Icating ~,hotons  (I)rainc aucl Andcrscln  1985),
and should therefore trace star for[[~ing regions, allowillg a
detailed and uu-cxtinctcd view of that activity. lly sttldy-
ing ttic distribution of the hfIR e]nission with mspcct to
other cornl)orlcmts  of the galaxy, i.e. II], }{2, iox]izcd gas,
and starlig}]t wc can also c}laractcrizc tllc llcating sourcm
for tllc hill.{,  aucl better dcfi[lc  its cliagnostic va lue .

2 .  Obscn-vatiolls  and Dnto rcductic)n

NGC 6946 was [nal)pcd at 7/1 II] (I,W2  filter, AA =- 3.5P H))
slid a t  15 II [II (I,W3  f i l t e r ,  AA : 611  ,1,),  ~lsirlg  tile  r~stcr
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l:i~. 2. lS()(IAhl ]IIIaF,c  of N(;(; 6946 ]r] ttlr [,W3 filtcl /it a
w<lv(,ltll~:[ll  or I  :1/1 [II, /\A [;/1 Ill ‘1’tlls  l!tla~,c  l\ a  1[1[)’.<il[  [If

8 >.  8 f)(]lll[l  [l,:.
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● .!mth  wzivclc IIgtl  Is SIIOW a good qual i ta t ive  s imi lar i ty  Lo

c)[)t,i.:al, radio at)d  fln il[iages I)ifi’usc clllissioil  frollj tl}r
disk ill tllc intcrarm regions is c]cady detected (Figures 1
and 2 )  am{ call  I)c traced out fxJ w 5’, ~olu])arable  to t]lc

visible-ligtl( size  of 10’ x 12’.

l’;xccl)t  f o r  tl)c  rcgioll  ill tllc il]l)cr  50’” of Ltle galaxy
where o v a l  distortio~ls  arc j)rescllt (Zaritsky & 1,0 ]984),
the Mici-llt Iigllt follows an cx~~ollc.lltial ]xofile (Iri~ur-c  3).
T h e  r a d i a l  profi]c of the galaxy is ca]cu]atcd by  first. dc-
projccting t}ic galaxy to the I~lanc of tllc sky, subt,ractillg
the rncan sky from an an~lulus  outside tl)c galaxy a~ld LIICII
t a k i n g  ~ncdian  clnission  lCVCIS  at ditl’crcrlt  annuli. }Iy t a k -

ing the [ncdia~l  emission iu an allnulus instead of the [ncall
wc nlinirl]isc  co)ltrihutiolls fro~n very bright regions of tltc
s p i r a l  a r m s .  lloth I,W2  and I,W3 irnagcs were  analysed
in this Irlan]]cr ar~d snow identical scale lengths of 75” at
radi i  bctwccrl  70” slid 200” .  ‘1’his scale lc~lgtll  is Illildly
dcs)cndcllt 0]1 rallgc of radii wllcrc tllc fit is takal, and 011
tl~c sky subtraction; wc cstirllate [llc  uncertainty at, almut
1 o%
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Fig. 3. ‘1’he r a d i a l  p r o f i l e  o f  N(;C 6946 is cxpolmntial  at
m o s t  wavclcngt.hs iucluding  t}m Mid-  lllfrared, but wit]] dif-
fcmrd. scale lcngli,s.  IIcre  wc show the exponential pl-ofilcs
seen with I,W2, 1,W3 filters of ISOCAM,  radio (6 cm), 11o,
Par- IIlfrarcd  (60pm) (with 1S01’110’1’) a~ld Optical R barld
images  for colrl~)ariso~l

l~or comIJarison wc derive scale Icllgtlls for tlic oj)tical
1{-t>al)d, IJo, aIId 6  CIn radio ~olltlr!uull]  clllissio[l usil]g
tllc s a m e  ~nctllocl a s  f o r  t h e  nli&il)frarcd cltlissic,ll.  ‘]]lc .

resul ts  arc  listrd ill ‘J’aldc 1. Also  Iistccl are sc”ali-ltillgths
derived hy [mcvious  studies of this g:ilaxy.  Wc scc that tllc
~llicl-i]lfrarmd etr)issioll  and lfct cll]issioll  Ilavc  silnitar scalc-
Ic]lgt]ls  closest to tl]c scale lc~lgtll of CO distribution of
8 6 ”  (’1’acconi & You~lg 1986, ‘1’Y86). lbxl light in oI)tical
1 a n d  R  b a n d s  SIIOWS a scale lcugth of  125”  ancl 11 5“,
‘lb rcconcilc  tllc o~)tical  and rnid-irlframd  scale lcngkhs  wc
need to have rnadc in the CAM  irna,gp a sky subtraction
error about tcn times greater t}lan  tlIc  l)ixcl-t~pixcl rms
noise. ‘1’hc ratio of rnid-infrared to radio behaves Inuch like
tllc ratio of far-infrared to radio, fallirlg by the cxI)cctcd
factor of 2 from a radius of 100” to 200” (I,u ct al. 1996).
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onc of the striking fcatur-cs  of the IS()-(:Ahf  maps of NGC
6946 is the conspicuous diffuse disk urldcr-lyirlg  ttic arms,
‘1’lIc disk is relatively syrnrnetric, making it, urllikely to
he tllc result of transient effects in detectors or other ar-
t i f a c t s .  III a se!ni-flocculcrlt  galaxy Iikc NGC 6946  i t  i s
diflicult to quantify tllc arln-intcrartli contrwt. Wc define
this  contras t  as  the ratio lwtwwcrl the Imak  irl the  arms
allcl the mcclian  value of briglltl)ess ill a~l annulus a t ,  that
radius .  ‘1’hc arrr]  rcgiorls were sclcctcd from the maps by
eye. ‘1’hc corltra.st varies bctwccn 2 and 4 wit])  the nort}lern
arm showing a higher arm Lrightrltxs.  ‘1’lIc arrn-intcrarm
corltrast rises from 2 to 4 with increasing radius along the
nortllcrnrnost arm (1{’igurc  4). “1’lIc soutllcrrlrrlost arm is
not continuous and shows arrn-intcrarr~l contrad. txtwccn
1 a n d  2 in the, inner ~,arts of the galaxy arid  up t,o N4
irl the outer section wllicll  is disjointed (1’igurcs  1 arid  2).
“J’IIc.sc results are consistent with “1’YfM  who  find  that the
arln-intcrarm ratio in CO ernissio~l  increases with radius.

ConlI)arisor) of tllc arm-intcrarrn c o n t r a s t  b e t w e e n
rnid-infrared and }Io crnission could address the issue of
what,  heats  the  dus t ,  arid  rllorc  sl)ccifically w]lct]lcr it is
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tlw iouizil]g  radiatiotl wllicll  i s  rcsjm]isil)]c  fOr t,]lc lllid-
il]frarcd clllissioll (lkwcrcaux f.’ Yoon~  1993)  o r  wllctllcr
difluse sofl lJV ad v i s i b l e  starligl]t ])lays  a sigljiflca]lt

r o l e  (1’~rs$ol~  & l~clo~  1987).  If tllc d u s t  }lcatirlg  is ])ri-
Inarily froll]  iotli7il)g  racliatioll, tllc Irlicl-illf’rarcd  Crl]issiol]

slloulcl  follow  tllc distributio~l  of iotlizcd gas as (r ficcd I)y
]]0 fOr CXallll)]C!.  ‘] ’ilC! d a t a  iIl }Ial]d (}fi~UK? 4) SUggCSt [~ldt

tllc arlll-illtcrarlll contrast is lligllcr  f o r  IICS  than f o r  ttlc
~[li(l-llt.  Since our 110 images do not detect illtcrar~rl cnnis-
sioll,  our estimate of the discrc])ancy ill collt,rasts is o]ily
a lower ]i]nit. ‘J’]lc IIct  and Mid-lit c[rlissio[l  have sirllilar
scale lc]Igtl  Is i[l the disk as shown  ill the I)rcvious scctio~l,
whereas  tllcy IIavc dissimilar arrn-i[ltcrarrn contrast, ‘J’lIc
arm-i utcrar~n co~ltrast iu Mid-lit is closer to tllc contrast
in IL Lal]cl light, which has a Xnucll longer scale Ic]]gtl)  tl)all
~nid-]ltor  IIcr.  OIIC cxplanatio~] may be that ttlc 1’AIIs arc
dustroyccl  rlcar 1111 rcgio~ls in tllc ar]ils, thus softclli~lg  the

c o n t r a s t  bctwce]]  ar~r)s arid  irltcrarrlls.
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l“ig.4. 2’},c Arl[l-Ir]tcrarj~~ co]]tl~st  (dcfir,cd i], ~4) isldottcd
m afurlclicm  of radius  for t}le nortl]ml  and tl]c soutlIcrII  arms.
‘J’}] etrial]gles rcj~rcsc]lt t}Lellaarl]]-irltcralrl]  L-o]ltlast arlcl t}ic
O]JCI1 CII”CICS SllOV.’ tllC corltrast  for 1,W3 (151{ 111) j~llagc.

5. Nucleus

Various  indica tors  point to NGC 6946  as having a star-
hurst nucleus (e.g. van  dcr Kruitj A1lc]I & ltots 1977, Itickc
1 9 7 6 ;  ‘Iklcsco  & llar~)cr 1980 ;  l)cGioia-1’;astwood et al.
1 9 8 4 ) .  ‘J’l]c starburst nature of the nuc]cus is corlfir~ncd
l)y tllc ISOCAM data ,  which  s h o w  a  g r e a t l y  cnl]a~lccd
surface brigllt]lcss,  measuring 12 and 18 ti[nes the surface
briglit]lcss oftllc llcarby irlrlcr  disk in ],W2  and I,W3  fjltcrs
rml)cctivcly (IJigurc 3 ) .  IIccausc tllc IIuclcus  rcachcd bc-

.
ymd  tllc lll~c~r wlll~c Of t~l~ CAN$ (I(twtor irl t}iwc d;?~;i,

ttlcsc  v a l u e s  rIIUSt b takctl as k]~rfr Iilllits to tllc surfa~c “

brig,lltrlcss  of tt]c  J]uclcus.  ‘Iklcsco, I)rcsscl & \VolstcIicrof(

1 9 9 3  l l l c a . s u r e  t}lc IWak hrir,lltllcss at 1 (L8 11 III  k) I)c (~4
Jy. ‘J’lic  s i z e  o f  tllc IIucleus  is  Illcasurc{l  to Iw 100 I)C at
1 0  /1 III (’J’CICSCO  ct al. 1993) and  8“ (. 200 IW) at 6 CiJJ
colltil)ulltll  llcck &  Ilocr])es (l{J9~i)

6. C:oxlclllsioll

IIascd on this j)rc]imi[lary rcductioll  of IS0CAh4  data ,  i t
is clear that, tlic ~llid-infrared ]norj)llo]ogy  of NGC 6946
is  qui te  disti~lct froro otllcr traditio[lal tracers of tllc i]]-
t,crstcllar ]ncdiuln,  and a ])romisi]lg  additic)r]  bccausc it, is
Iargcly free of cxti~lctioll. ‘J’}Ic Inal)s  clearly s}Iow the falnil-
iar s t ructure  of  ar[ns, cxl)oncntia] disk, and l]igh tjright-
IIcss s tar-burs t  lIuclcus.  IIowvcr,  tllcy also suggest that
tllc rnid-i[lfrarcd ~llay be a ~llorc CC)[II[,ICX  t r a c e r ,  wllicll
is c]oscst to llo in disk  scale  lcIlgtll, t)ut  rcsc]nblcs rliost
ttlc visil)lc IL t)a]id  io arI[)-irltcrarIo c o n t r a s t .  ‘1’IIC ~nid -
i]lfrarcd c]nissiou is IIOt d is t r ibuted  like ato~nic  gas wllicl~
l]a.s a IJolc ill tl]c  ccl]tcr (’J’Y86) Ilor lilic (c)tal gas distribw
tio]l, but its radia l  [)rofilc  is sir[lilar to that of rnolccular
g a s .  ‘1’]Iou$l} })u~.z]iri~ al]d sul)jcct to ]Ilore  t}]orou~]]  d a t a
rcductio~l  arid  a]ialysis, these state] ne]lts arc not l]cccssar-
ily cor]tradictory, sirlcc  cacll  of tl]c  tracers is a J)roduct c)f
])l]ysical  quarltitics ~nodified  by several effects,

Ack!]ou~lcdgcr/lc~lt.q. ‘Illis  work w a s  sIIjII)OI  ld I)y 1 S 0  data
a~]alysis fulvdi~ig flo[!l Llle (IS National  Ac! o!)autics  a!ld S~>ace
Adrni]listratio]],  al,d camied out at tl,e  lnfrarccl }’roccssilig and
Arlalysis  CcIItcr  a]]d the Jet ~’~o~mlsioll  I,a},oratory  of the Cal-
ifo]l]ia lmtitutc of ‘Ikcl]liology.
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